A total of 405 pigs (PIC 327 × 1050) from 2 consecutive finishing groups (group 1 initially 145 ± 3.9 lb, group 2 initially 134 ± 5.5 lb) were used to examine the effects of stocking density on finishing pig growth performance and carcass characteristics. Pigs were randomly allotted to pens upon entry into the finishing facility. Pens of pigs were balanced by initial BW and randomly allotted to 1 of 3 treatments with either 7 or 8 replications per treatment (group 1 and 2, respectively). Pens were stocked with 9 pigs, and adjustable gates provided treatments that allowed for 9, 8, or 7 ft 2 per pig. All pigs were fed the same diets in 3 phases. There was a two-hole feeder in each pen providing 1.56 in. of feeder space per pig.
Summary
A total of 405 pigs (PIC 327 × 1050) from 2 consecutive finishing groups (group 1 initially 145 ± 3.9 lb, group 2 initially 134 ± 5.5 lb) were used to examine the effects of stocking density on finishing pig growth performance and carcass characteristics. Pigs were randomly allotted to pens upon entry into the finishing facility. Pens of pigs were balanced by initial BW and randomly allotted to 1 of 3 treatments with either 7 or 8 replications per treatment (group 1 and 2, respectively). Pens were stocked with 9 pigs, and adjustable gates provided treatments that allowed for 9, 8, or 7 ft 2 per pig. All pigs were fed the same diets in 3 phases. There was a two-hole feeder in each pen providing 1.56 in. of feeder space per pig.
In both studies, as stocking density decreased, ADG and ADFI increased (linear; P < 0.019), but there was no difference in F/G. In group 1, these effects were evident when pigs reached approximately 238 lb; however in group 2, decreases in ADG and ADFI were already observed when pigs averaged 163 lb. As a result, final weight was 8.5 and 11.7 lb lower (linear; P ≤ 0.005) in groups 1 and 2, respectively, when comparing the lowest and highest stocking density treatments. In group 1, there were no differences in carcass characteristics with the exception of an increase in BF (linear; P = 0.051) as stocking density decreased. In group 2, HCW and BF increased (linear; P ≤ 0.007) and carcass yield decreased (linear; P = 0.004) as stocking density decreased. The k-value for each body weight was calculated at each of the three space allocations using the formula reported by Whittemore 2 . When comparing growth performance to a suggested required k-value of 0.0336, performance should have been affected above 267.2, 224.1, and 183.6 lb at 9, 8, and 7 ft 2 per pig, respectively. In group 1, these pen weights were not reached until after d 42 (239.8 lb), d 28 (206.9 lb), and d 14 (176.7 lb) for the 9, 8, and 7 ft 2 per pig treatments, respectively. However, even after d 14 negative effects of increased stocking density were observed on ADFI (linear, P < 0.08). In group 2, performance should not have been affected until after d 56 (258.9 lb), d 27 (190.5 lb) 
Introduction
The relationship between pen space and pig performance has been a subject of interest dating back to the early 1960s. Pork producers are faced with a trade-off between allowing sufficient space to minimize facility cost per pig yet maximize performance and overall efficiency of facility utilization to provide optimum economic return. Previous research has demonstrated that when grower-finisher pigs are provided decreasing amounts of pen space, feed intake decreases, resulting in a reduction in ADG, with variable effects on feed efficiency. Gonyou 3 et al. (2006) reported a critical k-value of 0.0336, below which ADFI is reduced. The k-value is calculated based on a relationship between BW and floor area, generating an expression that can be used to determine when performance will be affected based on space and animal weight. Valuable knowledge can be obtained from understanding the effects of different stocking densities on performance as producers constantly make decisions on pig flow and facility availability. The objective of this experiment is to evaluate the effects of stocking density on growth performance and carcass characteristics of finishing pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The study was conducted at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. The facility was totally enclosed and environmentally regulated, containing 36 pens. The experiment was designed with 3 treatments providing 9, 8, or 7 ft 2 /pig and 9 pigs per pen (5 barrows and 4 gilts). The pens were equipped with adjustable gates to allow different space allowances per pig. If a pig died or was removed from a pen during the experiment, pen size was adjusted to maintain the correct space allocation per pig. Each pen was equipped with a dry single-sided feeder (Farmweld, Teutopolis, IL) with two 14.0 in. × 4.5 in. (length × width) feeder spaces and a 1-cup waterer. All pens contained 9 pigs, yielding 1.56 in. feeder space per pig. All pigs were provided ad libitum access to feed and water. Pens were located over a completely slatted concrete floor with a 4-ft pit underneath for manure storage. A robotic feeding system (FeedPro; Feedlogic Corp., Wilmar, MN) was used to deliver and record daily feed additions to each individual pen.
A total of 405 pigs (PIC 327 × 1050) from 2 consecutive finishing groups (group 1 initially 145 ± 3.9 lb, group 2 initially 134 ± 5.5 lb) were used. Pigs were allotted randomly to pens upon entry into the finisher, and the experiments lasted 66 and 77 d for groups 1 and 2, respectively. Pens of pigs were balanced by initial BW and randomly allotted to 1 of the 3 treatments with 7 and 8 replications per treatment for groups 1 and 2, respectively. Feed was manufactured at the O. H. Kruse Feed Technology Innovation Center. Pigs were fed a common 3-phase corn-soybean meal-based diet in meal form (Table 1) . Feed samples were taken at the feeder during each phase. Feed was analyzed for moisture, CP, ADF, NDF, crude fiber, ether extract, Ca, and P (Table 2 , Ward Laboratories, Inc., Kearney, NE).
Pigs and feeders were weighed approximately every 2 wk to calculate ADG, ADFI, and F/G. Prior to marketing, all pigs were individually weighed and tattooed for carcass data collection. They were transported approximately 2.5 h to a commercial packing plant (Triumph Foods LLC, St. Joseph, MO). Standard carcass characteristics were measured, and jowl fat samples were collected and analyzed at the plant by near-infrared analysis for iodine value.
Data were analyzed as a generalized blocked design with stocking density as a fixed effect and block as a random effect using PROC MIXED in SAS (SAS Institute, Inc., Cary, NC), with pen serving as the experimental unit.
Results and Discussion
In group 1, stocking density had no effect on ADG, ADFI, or F/G up to a mean BW of 238 lb (Table 3) . Thereafter, increasing stocking density decreased ADFI (linear, P = 0.017), leading to a tendency for a decrease (linear; P < 0.063) in ADG. Stocking density did not affect feed efficiency. Overall, as stocking density increased, ADG and ADFI decreased (linear; P < 0.019) and F/G was not affected (linear; P = 0.727). Final BW decreased (linear; P = 0.005) as stocking density increased, which resulted in an 8.5-lb difference in pig weight between the 7 and 9 ft 2 /pig treatments. There were no significant differences in carcass characteristics with the exception of a tendency for a decrease in BF (linear; P = 0.051; Table 3 ) as stocking density increased (Table 3) .
In group 2, stocking density had no effect on ADG, ADFI, or F/G up to a mean BW of 163 lb. In all subsequent periods, ADFI decreased (linear, P ≤ 0.033; Table 4 ) as stocking density increased, which led to a decrease (linear; P ≤ 0.029) or tendency for a decrease (linear; P ≤ 0.068) in ADG in all remaining phases. Stocking density did not influence feed efficiency. Overall, as stocking density increased, ADG and ADFI decreased (linear; P ≤ 0.005) and F/G was not affected (linear; P = 0.42). Final body weight decreased (P ≤ 0.004) as stocking density increased, which resulted in an 11.7-lb difference in pig weight between the 7 and 9 ft 2 /pig treatments. In group 2, HCW and BF decreased (linear; P ≤ 0.007) and carcass yield increased (linear; P = 0.004) as stocking density increased (Table 4) .
Allometry is used to define the relationship between BW and floor area requirement, generating an expression in the form of A = k × BW 0.67 , where A represents floor space allowance and k represents a space allowance coefficient. Gonyou 1 et al. (2006) reported a critical k-value of 0.0336 m 2 /BW 0.67 below which ADFI was reduced for finisher pigs on full slats with equal group sizes. Thus, the critical k-value of 0.0336 m 2 /BW 0.67 acts as a threshold below which feed intake and performance should be reduced due to inadequate space allowance per pig.
Body weight corresponding to a k-value of 0.0336 was calculated (Tables 5 and 6) , using the formula reported by Whittemore 4 , at each of the three space allocations for each group of finishing pigs. Based on this critical k-value, the negative effects on feed intake should have been observed as pigs reached the projected average body weights of 267.2, 224.1, and 183.6 lb for 9, 8, and 7 sq. ft per pig, respectively. In group 1, these pen weights were not reached until after d 42 (239.8 lb), d 28 (206.9 lb), and d 14 (176.7 lb) for the 9, 8, and 7 ft 2 per pig treatments, respectively. However, even after d 14, a trend was observed for negative effects of increased stocking density on ADFI (linear, P < 0.08), which suggests that the commonly accepted k-value threshold of 0.0336 might be underestimating the impact of increased stocking density. In group 2, using the k-value of 0.0336, performance should not have been affected until after d 56 (258.9 lb), d 27 (190.5 lb) and d 14 (162.7 lb) for the 9, 8, and 7 ft 2 per pig treatments. Similar to group 1, feed consumption and, consequently, ADG decreased linearly (linear, P ≤ 0.033) after d 14 as stocking density increased, before pigs reached the k-value that should have influenced performance.
In this study, increasing stocking density resulted in decreased ADG driven by a reduction in ADFI. One concern expressed in published reviews evaluating stocking density is the maintenance of adequate feeder space per pig when stocking density is increased. Based on a study done by Wolter 5 et al. (2003), the 1.56 in. per pig of feeder space provided in this study is considered unrestrictive and should not have negatively affected performance. Furthermore, the ability to manipulate stocking density by utilizing adjustable gates allowed a change in stocking density without impacting the feeder space per pig, which is typically done when more pigs are added to pens to increase stocking density. Consequently, the trial was successful in determining the effects of stocking density on pig performance without affecting the results by restricting feeder space per pig. The differences in trial performance compared with expected outcomes from published reviews may have been attributable to group size, behavior, or other physiological variables. It is unknown whether these variables contributed to the negative effects on performance as stocking density increased. Additional research should be conducted to further determine the effects of stocking density on pig performance, especially considering the heavier market weights for pigs today. 1 Average pig weight reported for each stocking density and weigh day. 2 Each pen contained 9 pigs, and space allocation was manipulated by utilizing adjustable gates. 3 k-values calculated using a formula reported by Whittemore (1998): space per pig (m 2 ) =k×BW (kg) 0.67 or space per pig (ft 2 )/10.7639=k×BW (lb)/2.2046) 0.67 . 4 Bold type with shaded background indicate k-values below 0.0336, the critical k-value for adequate feed intake as described by Gonyou et al. (2006) . 5 Calculated body weight for each stocking density when k = 0.0336, the critical k-value for adequate feed intake for grow-finish, full slat, equal group sizes (Gonyou et al., 2006) .
